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Abstract

Purpose We sought to determine whether metabolic
volume-based measurements on FDG PET/CT scans could
provide additional information for predicting outcome in
patients with stage III non-small-cell lung cancer (NSCLC)
treated with induction chemotherapy.

Methods Included in the study were 32 patients with stage
I NSCLC who were treated with induction platinum-based
chemotherapy followed in 21 by surgery. All patients had an
FDG PET/CT scan before and after the induction chemo-
therapy. Tumours were delineated using adaptive threshold
methods. The SUVmax, SUVpeak, SUVmean, tumour vol-
ume (TV), total lesion glycolysis (TLG), and volume and
largest diameter on the CT images (CTV and CTD,
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respectively) were calculated. Index ratios of the primary
tumour were calculated by dividing the follow-up measure-
ments by the baseline measurements. The prognostic value
of each parameter for event-free survival (EFS) was deter-
mined using Cox regression models.

Results The median follow-up time was 19 months (range 6—
43 months). Baseline PET and CT parameters were not signif-
icant prognostic factors. After induction therapy, only SUV-
max, SUVpeak, SUVmean, TV, TLG and CTV were
prognostic factors for EFS, in contrast to CTD. Of the index
ratios, only TV and TLG ratios were prognostic factors for EFS.
Patients with a TLG ratio <0.48 had a longer EFS than those
with a TLG ratio >0.48 (13.9 vs. 9.2 months, p=0.04). After
adjustment for the effect of surgical treatment, all the parame-
ters significantly correlated with EFS remained significant.
Conclusion SUV, metabolic volume-based indices, and
CTV after induction chemotherapy give independent prog-
nostic information in stage IIIl NSCLC. However, changes in
metabolic TV and TLG under induction treatment provide
more accurate prognostic information than SUV alone, and
CTD and CTV.

Keywords Non-small-cell lung cancer - Induction
chemotherapy - FDG PET/CT - Tumour volume - Total lesion
glycolysis

Introduction

Lung cancer is the most common malignant tumour in
western countries and one of the main causes of death from
cancer [1]. Lung cancer usually has a poor prognosis
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because most patients present with advanced or metastatic
disease at the time of diagnosis [2]. Patients with locally
advanced non-small-cell lung cancer (NSCLC) are a hetero-
geneous group of patients regarding prognosis [3]. The
treatment of stage III NSCLC has evolved over the last
two decades, the current standard of care being combined-
modality therapy including chemotherapy, radiotherapy and
surgery [3]. Induction treatment before surgery can produce
tumour downstaging that increases the likelihood of com-
plete resection, organ preservation, and long-term survival.
However, the potential benefit of surgical resection follow-
ing chemotherapy (with or without radiotherapy) in stage 11
NSCLC is still controversial [4-6]. Stage III patients with a
minimal disease burden and low tumour volume (TV) after
induction treatment could benefit from surgical treatment [3,
7]. Thus, it is of utmost importance to find prognostic
factors in this setting to identify patients who will benefit
from an intensive treatment such as surgery.

Induction chemotherapy provides an opportunity to as-
sess the in vivo chemosensitivity of the primary lesion and
nodal metastases. During recent years, FDG PET/CT has
emerged as an essential tool for NSCLC staging. One recent
meta-analysis suggested that a high standardized uptake
value (SUV) might be a poor prognostic factor in NSCLC,
especially in early stages [8]. However, the prognostic role
of FDG PET/CT in evaluation of tumour response in
patients with NSCLC after induction treatment remains
unclear and controversial. Few studies have indicated a
potential role for FDG PET imaging and SUV measure-
ments in this setting, but results have shown discrepancies
in terms of prognostic value [9, 10]. In this context, we
sought to determine whether volume-based measurements
could provide additional information in comparison to SUV
measurements alone for predicting outcome in patients with
potentially resectable stage IIT NSCLC.

Materials and methods
Patient selection and induction chemotherapy

This study was approved by our institutional review board.
Between January 2009 and June 2011, 32 consecutive patients
with potentially resectable biopsy-proven stage III NSCLC
who were treated with induction chemotherapy and with an
FDG PET/CT scan before and after the induction treatment
were prospectively included. Initial routine staging procedures
consisted of a clinical examination including lung function
tests, bronchoscopy with or without mediastinoscopy, thoracic
enhanced multidetector CT and brain imaging (enhanced CT
or MRI). Disease had been staged according to the 7th edition
of the UICC (International Union Against Cancer) staging
system [11]. Operability was assessed by the patient’s

performance status, lung function status and cardiac status.
Induction treatment was composed of three cycles of
platinum-based chemotherapy given every 3 weeks.

Staging was repeated after completion of induction chemo-
therapy, and included a thoracic enhanced CT scan and an
FDG PET/CT scan. Patients with downstaging of the tumour
and/or mediastinal lymph nodes (LN) according to RECIST
1.1 criteria underwent surgery. Patients without mediastinal
LN downstaging or progression of disease underwent thoracic
radiotherapy with or without chemotherapy.

FDG PET/CT protocol

The baseline FDG PET/CT scans were performed within
1 month prior to the start of the chemotherapy. The follow-
up FDG PET/CT scans were performed in all patients ap-
proximately 2 weeks after administration of the last dose of
chemotherapy. PET/CT images were acquired 60 min after
intravenous injection of 3 MBq/kg of FDG. The serum
glucose level was <1.4 g/L at the time of injection in all
patients. All FDG PET/CT images were obtained using a
Gemini TF PET/CT scanner (Philips Medical Systems, The
Netherlands). The Gemini TF is a TOF-capable, fully three-
dimensional PET scanner together with a 16-slice Brilliance
CT scanner [12, 13]. CT images were obtained without
injection of contrast medium using the following settings:
120 kV, 100 mA, collimation 16x 1.5 mm, pitch 0.69, slice
thickness 3 mm, and increment 1.5 mm. PET images were
reconstructed using a BLOB-OS-TF list-mode iterative al-
gorithm with two iterations and 33 subsets. A single-scatter
simulation model was used for scatter correction [14]. At-
tenuation correction was performed based on the CT data.
No post-reconstruction smoothing filter was used. The
reconstructed spatial resolution was 5 mm in the centre of
the field of view. The image voxel size was 4 mm x4 mm x
4 mm for the PET images and 1.17 mmx1.17 mmx 1.5 mm
for the CT images. SUVs were calculated from the counts-
per-pixel and normalized to body weight (BW):

SUV = tissue activity(Bq/mL)/
[injected activity(Bq)/weight(mg)]

with injected activity decay-corrected from the delay be-
tween injection and image acquisition.

Image analysis

PET/CT and enhanced CT scans were used to characterize
the lung primary tumour and mediastinal LN before and
after induction chemotherapy. The largest diameter of each
primary tumour on CT images (CTD) was measured from a
single enhanced CT transverse image as described in the
RECIST 1.1 guidelines [15]. The volume of each primary
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tumour on CT imaging (CTV) was computed using a com-
mercially available lung analysis software package (CT
Oncology Engine; Siemens, Forchheim, Germany) [16].
This semiautomated method of segmentation only required
the identification of the largest diameter of the tumour.
Software tools allowing additional manual 3-D editing were
used to avoid the inclusion of adjacent structures, including
blood vessels, LN and chest wall, and unrelated conditions
such as atelectasis and consolidation.

In PET images, for each tumour, the SUVmax and SUV-
peak were calculated within a large manually defined vol-
ume of interest containing the primary tumour (DOSIsoft
software). SUVpeak was computed as follows. First, a
sphere of 1 mL was defined and, given the PET image
sampling, the contribution of each voxel to this sphere was
calculated. For each possible location of the sphere in the
large TV of interest, the average SUV in the sphere was then
calculated by weighting each voxel belonging to the sphere
as a function of the fraction of the voxel included in the
sphere. Finally, the highest average SUV obtained for each
possible location of the sphere was defined as SUVpeak.

Two methods were then used for primary tumour delin-
eation. The first method was as described by Nestle et al.
[17], called “TVN”. In this method, the TV is delineated
using a threshold depending on the activity surrounding the
tumour and on the mean activity in an initial TV defined as
the voxels with an intensity higher than 0.7 SUVmax [17].
The second method (fit method) described by Tylski et al.
[18], called “TVF”, assumes that the tumour image can be
modelled as the convolution of the actual TV of uniform
activity with a 3-D gaussian function describing the local
spatial resolution (5 mm) in the reconstructed image. SUV-
mean was calculated in the volume segmented by TVN
(SUVmeanN) and by TVF (SUVmeanF). SUVmeanF was
intrinsically corrected for partial volume effects as the sam-
pling and resolution effects were modelled in the TV esti-
mation method [18]. SUVmeanN was not corrected for
partial volume effects.

Two tumour lesion glycolysis (TLG) indices were also
calculated as follows: TLGN = SUVmeanN x TVN and
TLGF = SUVmeanF x TVF.

Changes in the primary tumour features were calculated
by calculating index ratios obtained by dividing the follow-
up measurements by the baseline measurements. Thus, in-
dex ratios corresponding to changes in CTD, CTV, TVN,
TVF, SUVpeak, SUVmeanN, SUVmeanF, SUVmax, TLGN
and TLGF were obtained for each lesion.

The staging of the regional LN (N stage) was evaluated
on both the PET/CT and CT images. SUVmax was deter-
mined in the dominant mediastinal LN. The “dominant” LN
was defined as a LN in an involved mediastinal LN region
with increased FDG uptake (i.e. uptake above the back-
ground level) as the first criterion and with the maximum
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short axis as a subsequent criterion in cases where several
LN had similar SUV. The dominant LN was identified on
the baseline FDG PET/CT scan. Index ratios for LN were
also calculated by dividing by the follow-up measurements
by the baseline measurements.

Follow-up and statistical analysis

All patients were followed in our centre. Patients who under-
went surgical treatment after induction chemotherapy were
followed by clinical examination and by CT scan every
6 months for 5 years. Patients who underwent combination
radiotherapy with or without chemotherapy after induction
chemotherapy were closely followed depending on treatment
protocol and evolution of disease. Treatment decisions were
based on clinical, laboratory or imaging data, including the
PET/CT results, discussed during multidisciplinary ward
rounds. Event-free survival (EFS) and overall survival (OS)
were calculated since all patients were followed even after
progression. In patients who underwent surgical treatment,
EFS was defined as the time from histological diagnosis to
recurrence. In patients who underwent radiotherapy and/or
chemotherapy, EFS was defined as the time from histological
diagnosis to disease progression. OS was defined as the time
from histological diagnosis to death from any cause. Predic-
tive factors for survival were identified using univariate and
multivariate Cox regression analyses. Each factor whose p
value was less than 0.1 in the univariate analysis was included
in the multivariate analysis. OS and EFS were estimated using
the Kaplan-Meier method and groups were compared using a
log-rank test. A two-tailed p value<0.05 was considered as
statistically significant. Statistical analyses were carried out
using ORIGIN PRO® software.

Results
Patients and treatments

The patient characteristics are given in Table 1. After the
course of induction chemotherapy, 21 of the 32 patients un-
derwent surgical treatment (lobectomy in 16, pneumonectomy
in 5). All these patients had a complete resection of the
primary tumour with negative margins and complete thoracic
lymphadenectomy. Five of the 21 patients had N2 disease on
histological analysis after surgery and underwent mediastinal
radiotherapy. The 11 patients who did not undergo surgery
received thoracic radiotherapy with or without chemotherapy.

The median follow-up time was 19 months (range 6—
43 months). The median OS time was 18 months (6—
41 months). The median of EFS was 11.6 months (3—
41 months). Figure 1 illustrates outcomes in patients at the
time of the last follow-up.



Eur J Nucl Med Mol Imaging (2013) 40:668-676

671

Table 1 Patient characteristics (n=32)

Characteristic Value
Sex

Male 25
Female 7
Age, median (range) 62 (41-80)
WHO performance status (0 or 1) 32
Clinical stage

TTA-N2 16
IIIA-non N2

IIB (T4N2)

Histology

Squamous cell carcinoma 16
Adenocarcinoma 12
Large cell carcinoma 4
Induction chemotherapy

Cisplatin + gemcitabine® 22
Carboplatin + paclitaxel® 6
Carboplatin + permetrexed®

Surgery after chemotherapy 21

Values are number of patients, except age in years
2 Cisplatin (25 mg/m?, days 1, 2, 3 and 4 every 21 days) with gemci-
tabine (1 g/m?, days 1 and 8 every 21 days)

® Carboplatin (AUC 6, day 1 every 21 days) with paclitaxel (175 mg/m?,
day 1 every 21 days)

¢ Carboplatin (AUC 5, day 1| every 21 days) with permetrexed
(500 mg/m?, day 1 every 21 days)

Univariate survival analysis

Imaging parameter values at baseline and at follow-up and
their ratios are presented in Table 2. The ratios of CTV and
metabolic volume-based measurements were smaller than
the ratios of SUV and CTD under chemotherapy. The me-
dian ratios of CTV, TV and TLG were less than 0.5 in all
patients, whereas the median ratios of CTD and SUV indices
were more than 0.7.

Univariate survival analysis was performed using the
following criteria: age, WHO status, N stage (N2 vs. NO0/1),
UICC stage (IITA vs. I1IB), surgical treatment, imaging param-
eters measured at baseline and follow-up, and index ratios
(Table 3). The best cut-off imaging parameters for separating
two prognostic subgroups for EFS (log-rank tests) are shown
in Table 4.

Baseline indices

Surgical treatment was strongly associated with improved sur-
vival (HR 0.2, p=0.002). Age, N stage, tumour stage and WHO
status were not significantly associated with outcome. None of
the baseline PET or CT parameters were prognostic factors.

Study population
n=32

PET1%‘

Induction chemotherapy

PET 2
Restaging
v v
Surgery No surgery
n=21/32 n=11/32
Median follow-up:19 months (range 6-43)
Alive w/o recurrence Alive w/o PD -
n=11/21 n=1/11
Alive with recurrence Alive with PD
~ n=5/21 n=4111 | |
Dead Dead
| n=5/21 n=6/11 |

Fig. 1 Outcome in the study population at the last follow-up (PD
progressive disease)

Post-therapeutic indices

Follow-up PET parameters of the primary tumour were prog-
nostic factors for EFS. The higher the SUVmax, SUVpeak,
SUVmean, TV and TLG after induction chemotherapy, the
shorter the EFS (p<0.05). Figures 2 and 3 illustrate the effect
of TVF and TLGF after induction chemotherapy on EFS.
Patients with a TVF <22 ml or TLGF <66 ml after induction

Table 2 Primary tumour measurements from CT and PET imaging
before and after induction chemotherapy and their ratios

Baseline Follow-up Ratio

CT

CTD (mm) 57 (14-157) 43 (0.1-136)  0.76 (0-1.46)
CTV (ml) 153 (1-400) 36 (0.4-330) 0.48 (0-1.7)
PET

SUVmax 14.8 (2.4-32) 9.5 (1-33) 0.75 (0-1.62)
SUVpeak 14.1 (3.1-33.1) 8.2 (1-32) 0.67 (0.08-1.65)
SUVmeanN 8.7 (1.6-18) 5(0-19.4) 0.73 (0-1.68)
SUVmeanF 8.7 (1.6-19) 4.8 (0-20.2) 0.71 (0-1.67)
TVN (ml) 42.7 (2-214) 14.3 (0-409) 0.39 (0-2.2)
TVF (ml) 347 (1.6-197.2)  15.6 (0-329) 0.49 (0-2.3)
TLGN 346 (3.3-3185) 72 (0-5080)  0.28 (0-2.43)
TLGF 316 (3-2714) 63.4 (0-3400) 0.3 (0-2.44)

Data are presented as median (range)
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Table 3 Univariate survival analysis of clinical and PET parameters
for EFS

Table 4 Univariate survival analysis for EFS. Best threshold (log-rank
test) for significant prognostic parameters on CT and FDG PET/CT
from Cox regression analysis

Variable Hazard Standard p value

ratio deviation Best threshold p value
Age 1 0.03 1 Follow-up CTV 36 0.02
WHO status 1.3 0.5 0.6 Follow-up PET
N stage (N2 vs. NO/1) 0.8 0.6 0.7 SUVmax 9 0.03
UICC Stage (IIIA vs. I1IIB) 1 0.5 0.9 SUVpeak 8.1 0.04
Surgery 0.2 0.5 0.002 SUVmeanN 7 0.05
Primary tumour SUVmeanF 7 0.06
Baseline CTD 1 0.007 0.9 TVN 26 0.02
Baseline CTV 1 0.002 0.1 TVF 22 0.01
Baseline PET TLGN 187 0.009
SUVmax 1.1 0.05 0.1 TLGF 66 0.01
SUVpeak 1.1 0.05 0.2 Ratios
SUVmeanN 1.2 0.09 0.08 TVN 0.41 <0.01
SUVmeanF 1.1 0.08 0.1 TVF 0.46 0.07
TVN 1 0.004 0.3 TLGN 0.42 0.04
TVF 1 0.004 0.3 TLGF 0.48 0.04
TLGN 1 0.0003 0.3
TLGF 1 0.0004 0.3
Follow-up CTD ! 0.007 04 therapy had better EFS than those with higher values (p<
Follow-up CTV 1.1 0.003 0.0001 .

0.05). CTV after chemotherapy was also a prognostic factor

Follow-up PET for EFS, but CTD was not.
SUVmax 1.1 0.04 0.009
SUVpeak 1.1 0.04 0.02 Index ratio
SUVmeanN 1.2 0.07 0.02
SUVmeanF L1 0.06 0.03 Changes in TV and TLG between the baseline and
TVN ! 0.003 0.03 follow-up PET/CT scans were the only significant pre-
TVE ! 0.003 0.04 dictive indices for outcome. The higher the TVF or TLG
TLGN 1 0.0002 0.04
TLGF 1 0.0002 0.03
Ratios 104
CTD 3.9 0.84 0.1 p=0.01
CTV 2.7 0.6 0.09 08+ |
SUVmax 2.5 0.63 o4 s i TVE <22 mL
SUVpeak 2.1 0.7 0.3 @ !
SUVmean N 2.6 0.60 0.1 L 06- T
SUVmean F 2 0.61 02 ; i
TVN 3.1 0.50 0.02 s i
TVF 3.5 0.49 0.01 8 044 R :
TLGN 33 0.50 0.02 o i TVF >22 mL
TLGF 3.7 0.5 0.001 I !
Lymph node 027 :
SUVmax on baseline PET 1.1 0.04 009 4 T :
SUVmax on follow-up PET 1.1 0.07 0.18 00 :
SUVmax ratio 1.2 0.65 0.8 0 ‘ 200 ‘ 00 ' 900
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Fig. 2 Survival curves showing the effect of TVF after induction
therapy on EFS in 32 patients (in 20 patients, TVF was <22 ml; in
12 patients, TVF was >22 ml; p=0.01)
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Fig. 3 Survival curves showing the effect of TLGF after induction
therapy on EFS in the 32 patients (in 16 patients, TLGF was <66 ml; in
16 patients, TLGF was >66 ml; p=0.01)

ratio, the shorter the EFS (p<0.05). Figure 4 illustrates
the effect of TLG ratio on EFS. Patients with a TLG
ratio<0.48 after induction treatment had better EFS than those
with a TLG ratio>0.48 (13.9 vs. 9.2 months, p=0.04). The
otherratios, i.e. CTD, CTV, SUVmean, SUVpeak or SUVmax
ratios, were not prognostic factors for EFS. SUVmax ratios on
dominant mediastinal LN were not prognostic factor for EFS
or OS.

None of the indices at baseline or after induction therapy,
or the index ratios, were prognostic factors for OS.

10 ,
p=0.04
08 - 7 _
- TLGF ratio < 0.48
%) i
T8 i
w i
45 06
".? l".
8 | TLGF ratio > 0.48
2 04 4 [ -
o !
a )
02 -
00 A i
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0 300 600 900
Survival Time (days)
Fig. 4 Survival curve analysis: influence of TLGF ratio on EFS in the

32 patients (in 19 patients, TLG ratio was >0.48; in 13 patients, TLG
ratio was <0.48; p=0.04)

Multivariate survival analysis

After adjustment of the effect of surgical treatment, all the
significant parameters at univariate analyses remained sig-
nificantly correlated with EFS at multivariate analyses.

Discussion

In locally advanced but potentially resectable NSCLC, the
therapeutic strategy includes various combinations of chemo-
therapy and/or radiotherapy aiming at reducing tumour extent
in order to reach an operable stage [3, 19]. There is thus a need
for an accurate tool to monitor the success of chemotherapy
response. FDG PET/CT provides functional information in
cancer patients by assessing tumour glucose metabolism re-
lated to cell proliferation, metastatic potential and sensitivity
of therapy. Metabolic changes after induction chemotherapy
may thus predict the prognosis of the patients.

In this study, we showed that FDG PET/CT was relevant
for restaging patients with potentially resectable stage III
NSCLC after induction chemotherapy. Metabolic informa-
tion of the primary tumour after induction therapy was more
accurate than anatomic response (Table 3). Measurements
after therapy including CTV, SUVmax, SUVmean, SUV-
peak, TV and TLG of the primary tumour were all indepen-
dent prognostic factors for outcome (Table 3). Moreover,
FDG PET/CT being a whole-body imaging modality, it can
assess extrapulmonary progression after induction therapy,
even in patients showing a metabolic response in thoracic
lesions. This was found in two of our patients. In addition,
we showed that changes in metabolic volumes under treat-
ment, including TV or TLG, were more informative than
measurements of SUV changes or of CT volume changes
for prognostic evaluation. Two semiautomatic methods were
used for tumour delineation in this study, and were found to
be more reliable than a classical delineation method using a
fixed threshold of FDG activity uptake (results not shown).

A meta-analysis suggested that SUV in the primary tumour
before therapy has prognostic value in NSCLC [8, 20]. How-
ever, this prognostic value does not seem to be so clear in
advanced stage lesions [2]. Hoang et al. found that FDG
uptake in the primary tumour in advanced stage NSCLC had
no prognostic value [21]. Our results are in agreement with
those of Hoang et al. in showing that all SUV and volume-
based measurements before the start of treatment had no
correlation with outcome.

Only a few studies have investigated FDG PET/CT in
patients with advanced NSCLC with induction chemother-
apy before surgery [22, 23]. Hoekstra et al. showed that
FDG PET/CT had additional value over CT in monitoring
response to induction treatment in patients with stage IITA-
N2 NSCLC [22]. Residual glucose metabolic rate (measured
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using Patlak graphical analysis) was found to be the best
prognostic factor. Hellwig et al. found that SUVpeak meas-
urements of the primary tumour and LN after induction
chemotherapy were prognostic factors [23]. Our results are
consistent with the finding of these two studies in showing
that SUV indices and CT volume after therapy are of prog-
nostic value. In addition, we found that TV and TLG of the
primary tumour were also independent prognostic factors.

The definition of the best threshold to identify patients with
a good and a poor prognosis based on PET imaging after
therapy remains challenging, be it based on SUV or metabolic
volume indices. Dooms et al. found in 30 patients with stage
II-N2 NSCLC who underwent induction chemotherapy fol-
lowed by surgery that FDG PET after therapy may allow
selection of candidates for surgery among patients with medi-
astinal downstaging or persistent minor disease [9]. In that
study, the 5-year OS rate in the subgroup of 21 patients with
cleared or persistent minor mediastinal LN involvement on
histopathological analysis was significantly higher in patients
with a decrease in SUVmax in the primary tumour of more
than 60 % as compared with patients with a decrease in
SUVmax of less than 60 %. However, Tanvetyanon et al.
found in 89 patients with stage I/IIl NSCLC disease that
FDG PET after induction therapy was not predictive of surviv-
al [10]. Neither visual analysis nor semiquantitative analysis of
PET scans showed significant differences in survival between
those with or without metabolic response. These findings
remained true after adjusting for stage. These discrepancies
explain the ongoing debate regarding the FDG parameters that
should be measured in determining a therapeutic response, and
how a metabolic response should be defined [24, 25].

A few recent studies have suggested a prognostic value of
metabolic TV in lung cancer [26-29]. Recently, whole-body
TLG before therapy has been found to be a prognostic factor in
NSCLC [29]. Nonetheless, to the best of our knowledge,
volume-based measurements have never been evaluated in
the assessment of therapeutic response in NSCLC. Our data
showed that only the decrease in metabolic volume-based
measurements of the primary tumour after induction chemo-
therapy was associated with prognosis, in contrast to decreases
in SUVmax, SUVmean or SUVpeak (Fig. 5). This concept of
studying the changes in the whole tumour has already been
observed with anatomical imaging. Zhao et al. showed that
volumetric tumour measurement in CT scans was better than
unidimensional tumour measurement at distinguishing tumour
sensitive and resistant to gefitinib [30]. TV and TLG enable a
global evaluation of tumour shrinkage under treatment and can
capture changes in the whole tumour mass. SUVmax measure-
ments alone may be misleading for heterogeneous lung
tumours. After treatment, tumour response is also heteroge-
neous with death of susceptible tumour cells and proliferation
of' more virulent tumour cells. Moreover, the host inflammatory
response under treatment can induce an increase in tumour

@ Springer

Fig. 5 PET/CT images in a 53-year-old woman with adenocarcinoma
stage IIIA (T3N1, primary tumour TV in red) illustrating a mismatch
between a high decrease in TV and TLG and increasing SUVmax ratios.
The baseline (a: coronal view, b: 3D view) and follow-up (c: coronal
view, d: 3D view) scans were performed before and after three cycles of
induction chemotherapy. SUVmax, TVF and TLGF ratios were respec-
tively 1.25, 0.2 and 0.2. Right upper lobectomy with mediastinal LN
dissection was performed. At the most recent follow-up (24 months),
the patient was still alive with no evidence of recurrence

metabolism [31-33]. All these drawbacks may be mitigated
by metabolic volume-based evaluation with TV or TLG. More-
over, CTV changes under chemotherapy failed to predict sig-
nificantly EFS in our study, emphasizing the strength of
metabolic volume changes regarding prognosis.

Tumour delineation on PET images in this study was based
on semiautomatic methods that are fast with minimal interob-
server variability. Delineation described by Nestle et al. uses a
combination of the mean SUV and the background uptake,
while the fit method is based on convolution of the tumour
image with the point-spread function corresponding to the
spatial resolution of the scanner. These two methods have been
previously reported to be reliable and robust in a large variety
of configurations [18]. In contrast, fixed-threshold delineation
methods have numerous drawbacks given that the value of the
threshold to be used for each lesion depends on multiple
factors, such as lesion contrast and size and image noise [34].

Our study was retrospective and included only a small
number of patients who did not undergo surgery. Yet our study
population was homogeneous including only stage III patients
who all received platinum-based induction chemotherapy.
While tumour delineation in the lungs was rather easy due to
the low background parenchymal activity, delineation of LN
involvement was not feasible because of significant mediasti-
nal background activity, especially on follow-up FDG PET/
CT scans. Thus, these results should not be extended to other
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tumours surrounded by high background uptake such as liver
tumours.

Based on our results, we have initiated a prospective
study in a larger patient cohort. This will allow a more
thorough evaluation of the reliability of different tumour
features for response assessment, as well as multivariate
analysis of different predictive variables, with the final aim
of improving the selection of poor prognosis patients who
would not benefit from surgery.

Conclusion

FDG PET/CT before and after induction chemotherapy in stage
III NSCLC provides prognostic information. Unlike SUV and
metabolic volume indices at baseline, SUV and metabolic
volume-based indices after induction therapy give independent
prognostic information. Changes in metabolic TV and TLG
under induction treatment provide more accurate prognostic
information than changes in SUV alone or changes in size on
CT scans. Thus FDG PET/CT appears to be a promising tool
for selecting patients who will benefit from an intensive treat-
ment such as surgery after induction chemotherapy.
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